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SISO decoder 



The present invention relates to SISO decoder for iteratively decoding a block 
of received information symbols, in particular for use in a turbo decoder, said block being 
divided into a number of windows of information symbols. The invention relates fiirlher to a 
turbo decoder using such SISO decoders and to corresponding decoding methods. Finally, the 
invention relates to a computer program for implementing said methods. 

Turbo codes are powerM error correcting block codes that are included in e.g. 
the UMTS standard. The amount of signal processing required fiar UMTS signal reception by 
fer exceeds that fi>r GSM and is a drain to tiie battery of an UMTS handset The decoding of 

(»»turbo 



well-known way to limit the comjnitational load and hence the current consunqition of the 
iterative turbo decoding process is to use stopping criteria to reduce the average number of 
iterations. These known stopping criteria apply to an entire block of data in flje turbo 
decoder, whidi shall be called global stopping criteria. 

Shortly after tide discovery of turbo codes, it was discovared that the turbo 
decoder principles could be ^plied to equalization. Equalization is a well-known discipline 
in signal processing which aims at annihilating the effects of inter symbol interfisrence. This 
is then called turbo equalization. The difference between turbo coding and turbo equalization 
is that in the case of turbo equalization at least one binary modulo 2 convohitional encoder (a 
digital filter) in what previously was the turbo encoder must be replaced by an analog filler. It 
is weU known that there is no fundamental difference between turbo decoding when appUed 
to the decoding of turbo codes and turbo decoding appUed to the serial concatenation of e.g. a 
convohitional encoder (an inlerleaver) and an intersymbol interference channeL Hence, with 
the term "turbo decoding used in die following reference is made to both of these 
applications of tibe same fiindamental tedmique. 

B. Frey, F. Kschisdiang, "Early Detection and Trellis Splicing: Reduced 
Con^lexity Iterative Decoding," IEEE Journal on Selected Areas in Communications, Vol. 
16, No. 2, pp. 153-1 59, ^^ebr. 1998. discloses a mefliod caUed "early detection," in which bite 
in the trellis or segments of the treUis that have became certain, are no longer processed. Ibis 
4U^A cAvantaoR «f fiirrtier redncinc the conjoutational load of turbo decoding. 
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2 22.12:2003 
which can save battery can«nt or reduce decoding latency. Also known are a few varieties of 
window based Soft Input Soft Ou^ (SISO) modules for use in turbo decoders. The 
motivation fi)r using windows, flien, is to reduce the memory requiremait andpossibly to 
r^uce decoding latency. 

Binary taibo codes are the most common. An oflen used soft-derasion bit 
representation in turbo decoders is log-likelihood ratios. For binary codes, the sign of a log- 
likelihood ratio (EXR) indicates die corresponding hard-decision bit value and the absolute 
value of a log-likelihood ratio is indicative of the reliability (certitude) of the estimation. 
However, generalization to die non^binary case is possible. In tiiat case, the reliability of die 
log-likelihood (ratio) vector is e.g. determined by tho difference between tire largest and one- 
but-largest con^onent Jn die foUowing. fl» description focuses on die binary case; however, 
die gmeral case shall not be exchided diereby . 

During die iterations of a turbo decoder, typically die log-likelihood ratios 
increase m absolute value, witii some random fluctuations and sometimes a change of sign. M 
a practical implementation, die dynamic range of die log-likehhood ratios must be limited to 
some finite fixed point or mteger range. Oipping of intermediate results is used 1» keq» die 
variables inside diis range. EnqiiricaUy, once die log-likelihood ratio variable of a cettam 
message bit has been dipped, it will mosdy stay shick at diis level during aU future iterations. 
Effectivefy, tiiis means diat die bit has become non^random. or detemiinistic. hi Am above 
mentioned publication of Frey and Kschischang such per-bit detection prior to die final 
iteration is disclosed (called "early detection."), and also uses die more general term 
"segment of a trellis," indicating diat a number of a^'acent message bits could be early- 
decided simultaneously. Such decided bits are dien removed from die trellis. 



25 



30 



The most extreme variation of a SISO module diat limits die memory 
requirement for storage of die metrics and/or limits die decoding latency is disclosed in WO 
00/591 18. According to diis document, many shding windows are processed in parallel by 
separate SISO woricer units. This appUes bodi to sliding window decoders widi baining 
mtervals, and sUding window decoders widi next iteration initialization. 

In (Max)(Log)MAP SISO modules, in principle a tiellis widi a lengdi equal to 
die number of message bits in a message block must be processed botii in die forward and in 
die backward trelUs direction. Padi metrics, sometimes also called state metrics, are 
computed for die forward and backward direction of trellis processmg. The ou^ut log- 
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likelihood ratios (a posteriori or extrinsic) are a fiinction of the palh metrics in bolii trellis 
directions. This requires tiie storage of Ihe pafli metrics in at least one tisllis direction, usuaUy 
called the backward trellis direction. In UMTS tiie trellis has 8 states in each trellis section, 
and the treUis can have a length of 5114 message Wts (thus, 51 14 treUis sections). To store 
pafli metrics for all states for all sections on a chip would cost a prohibitive amount of 
memory. This is one reason why window techniques are introduced m (Max)(Log)MAP 
SISO modules. They woA out such that, e.g. the path metrics for the badcward trellis 
direction only need to be stored for one window length (per processor unit). This window 
length can be a smaU ftaction of the entire message block length, realizing large memory 
savings. 

A further motivation for usmg windows hi SISO modules is that fliey allow 
separate wmdows to be processed mdqpendentty by difiBsrent processing units. Thus, die 
processmg speed and througlqjut can be uicreased. Generally, tiie reduction of the decodmg 
latency is emphasized. 



It is thus an object of the present invention to inxjvide a SKO decoder, m 
particular for use m a turbo decoder, by vMdi a significant reduction of power consumption 
can be adiieved. 

This object is achieved accordmg to the presrait mvraition by a SISO decoder 

as claimed in claim 1 which comprises: 

at least one SISO decoding unit for SISO decoding of tiie received mfimnation 

syinbols of a window, 

a wmdow activity flag storage for storing window activity flags indicating if a 

window is made active or inactive, 

a window activity flag setting unit for setting said wmdow activity flag active 
or inactive, vrhec&n said wmdow activity flags are mitially set active and wherem a window 
activity flag of a wmdow is set inactive if a certitude indication value of tiie mformation 

symbols ui said window are above a predetermined certitude tiireshold, 

a window activity flag readmg unit f<» reading said window activity flags 

from said window activity flag storage, and 

a control unit fbr contiollmg said at Irast one SISO decoding unit based on the 
read window activity flags such that tiie infotmation symbols of a window for which tiie 
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corresponding window activity flag is set inactive aie not SISO decoded in subsequent 
iterations. 

The present invention is based on flie idea to ^ly early-detection such 
only entire sKding windows may be eariy-detected. This means tiiat fibe window based SISO 
decoder can skip entire windows. In an in5)Ienientetion tiiis is especially simple to realize. 
Further, each sUding window in a SISO decoder has a window activity flag. InitiaUy. aU 
sUding windows are active. When a certitude indication vatoe of flie infonnatian syirfwls in 
said window, which could, in for instance and as proposed in a preferred embodiment, be all 
a posteriori log-likelihood ratios, has reached an absolute clipping level (certitiide titreshold). 
which is a predetermined value, i.e. wh«i all message bits in tiie window have reached a 
certain degree of certitude, the activity flag of fliat window is set to inactive, and tiie window 
is skqiped during fiitare iterations of decoding the given information block. 

According to tiie solution described by Frey and Kschischang, when bits have 
become catain, the probability of flie bit being 0 is set to zero or one and where it is removed 
fiom tiie trellis. Instead, in order to avoid any reorganization cost of removing it fiom tiie 
trellis, according to a preferred aspect of flie present invention tiie probaWUty (certitoide 
indication value) is frozen to its last conqiuted value, which will be close to zero or one, but 
not equal to it When, as proposed in a preferred embodiment, log-likelihood ratios are ^ed, 
setting probabihties equal to zero or one as proposed by Frey and Kschischang would give ' 
rise to log-likelihood ratios of phis or minus infinity, which is not practical. 

The presrait invention also relates to a turbo decodca- as claimed in claim 8 for 
iteratively decodirig received information symbols, in particular channel symbols of a 
channel data stieam. conqirising two SISO decoder as claimed in claim 1 for SISO decoding 
of said received information symbols, said SISO decoders being arranged in row, each 
having as inpats tiie received mfcmiation symbols and a priori information probabilities of 
tiie information symbols generated as output by die respective otiier SISO decoder. 

A SISO decoding mefliod and a tiurbo decoding mefliod according to tiie 
invention are defined in claims 9 and 1 0. A computer program accordmg to tiie invention for 
implementing said mefliods on a computer is defined in claim 1 1 . Preferred embodimrats of 
the invraition are defined in the dependent claims. 

According to a prefrared embodiment tiie certitiide indication vahie is tiie 
absolute value of tiie log-Hkeiihood ratios (LLR) of flie information symbols, a window 
activity flag of a window is tiien set inactive if tiie absolute values of die log-likelihood ratios 
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affile isfoHDatioii symbols in said window are above a predetennined log-likelihood 
fiueshold. 

It is possible eifiier to store fiie extrinsic LLR values or fiie a posteriori IXR 
values. In a preferred implementation fiie a posteriori LLRs ace used to detect fiiat flie bits in 
5 a window are certain, and fiien SISO processing of fiiat window stopped from fiien on, whidi 
fiien means that the extrinsic LLRs which were flien produced are kept frozen. Two versions 
of file resuU are possible. The difference between these two versions is fliat fiie detection 
whetiier a window is certain or not is eitiier done on eitiier the produced (ouQmt) extrinsic 
LLRs or on file a posteriori LLRs. The relation between these two LLRs is a mere addition or 

10 subtraction, Le. 

oui^ut extrinsic LLR = a posteriori LLR - a priori LLR, 
where fiie a priori LLR is the oulput extrinsic of tiie previous sub-iteration. Preferably, fiie 
detection yvbsOoBC a window can be frozen or not is done on the a posteriori LLRs and not on 
file extrinsic LLRs since fiie a posteriori LLEls capture more information about a message bit 
15 and hence can more rdtobly indicate wheflier an information bit has become certain. 

According to frirthear enibodiments it is proposed to store tiie extrinsic LLRs 
and pass fiiem on to next SISO decoder or to store the aposteriori LLBls and pass tiiem on to 
next SISO decode. The original turbo codes are now called Parallel Concatenated 
Convolutional Codes (PCCC). However, later also Serial Concatenated Convolutional Codes 
20 (SCCC) were developed and woric welL E.g. fiie turbo equalization mentioned above 

corresponds to SCCCs. Now, in an implementation, most logical would be to store fiie input 
to file SISO decoder (in permuted or direct order), viz. tte extrinsic LLRs. 

According to a fiirflier embodiment the SISO decoding unit comprises: 
a forward processing unit for computing forward state metrics (a), 
25 _ a backward processing unit for computing badcward state metrics (P), 

metrics storage means for storing forward and backward state metrics (a, P), 
output means for outputting forward and/or backward state metrics (a, P), and 
iiqjut means for receiving forward state metrics from a SISO decoding unit 
that decodes channels symbols of a window being located in front of fiie currenfiy processed 
30 wmdow and for receiving backward state metrics from a SISO decoding unit fiiat decodes 
channels symbols of a wmdow being located behind the currenfiy processed window. 

According to a preferred enibodiment said metrics storage means are adapted 
for storage of the starting state metrics for forward and/or teckwaid ^cnlations (o, P) of a 
window. In particular, the a posteriori or extrinsic ou^ log-likelihood ratios of inactive 
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windows are fix)zen. That is, the ou^uts of the last time these windows were active and were 
SKO-processed are stored and used over and over again. They are kept "as is" (i.e. not 
i9dated) in ihe pertaining memory. 

The stopping rule described above, i.e. perform tte iteration until all windows 
of an infonnation block have been made inactive, reduces the workload the more the higher 
the Eh/No, i.e. the ratio of energy per information symbol (Eb) to noise spectol density (No). 
An easy variation of the above stopping rule can also limit the workload when the Eb/No is 
so low that successful decoding is (ahnost) impossible. At low SNR, it can be checked 
whether after a minimum number of iterations (e.g. 3 or 3.5) there is at least one window that 
has been made inactive, i.e. all a posteriaii log-likelihood ratios in that window (permuted or 
in direct order) have been clipped. Then, if no window has been made inactive, the decoding 
procedure is aborted. 

Double sets of activity flags per window can be in^demented, where a first 
criterion to decide about setting a first window flag to inactive so that the window would no 
longer be SISO processed, differs from a second criterion that is used to dedde whether a 
second window activity flag of the same window is to be set to inactive. Then, the decoding 
procedure is aborted when, after a minimum number of iterations no second window activity 
flag is set to inactive. In a preferred embodument these criteria are the same and a single 
window activity flag per sUding window (per SISO unit) is implemented. 





m 







SISO modules, when describing above e.g. 3.5 iterations, it is assumed that flie turbo decoder 
uses two SISO modules in a serial &shion as is the most common in flie art That is, at any 
time only one SISO module is active. Howevw. the invention also applies when two or more 
SISO modules are operated in parallel. In that case, at the same time, two or more SISO 
modules can be active. Throughout the following text, it is assumed that two SISO modules 
are operating in a serial feshion. In oidec to distinguish the first SISO module in an iteration 
fixMn the second, the terms "sub-iteration", in particular "odd sub-iteration" and "even sub- 
iteration" are used. Whenever, in the sequel the word "odd" or "even" is encountered. e.g. in 
the figures, it refers to the number of sub-iteratirais. 

Combination of the above described methods means that for each active 
window it is monitored whether is should be stopped as all absolute values of afl a posteriori 
(or extrinsic) LLRs exceed a given threshold. As windows become inactive, there are 
inamediate advantages to the computational load. When a given predetemuned iteration index 
(3 or 3.5) is reached, it is checked whether at least one window is inactive. If not, the entire 
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decoding is aborted. This way. the combination of liie high SNR and low SNR rules does not 
involve any switching between Ihese two rules. These rules are sinqjly ^Ued jointly 
according to a prefeired ranbodiment. 

According to oflier embodiments either a plurality of SISO decoding units for 
5 paraUd SISO decoding of the infinmation symbols of a pluraUty of windows or a single 
SISO decoding unit for serial SISO decoding of flie information symbols of a pluraUty of 

windows can be provided. 

The present invention of a new SISO decoder ^Ues preferably to a turbo 

decoder, which generaUy has at least two SISO decoders. Therefore, in a turbo decoder, eadi 

10 infbmiation bit occurs in at least two blocks, typically one in direct order and one (or more) 

in a permuted order. Each block is divided in separate windows, so an information bit is in at 

least two windows. Thus, an information bit can be frozen or inactive in one window and 

active in anotfier window. 

Further variations of the present invention are possible. In one variation the 
15 absolute threshold level at which the decision to clip an a posteriori log-likelihood ratio is 
taken depends on the ileralian index. Also the clqjping level may be larger than the threshold 
level at i^^ch a clipping decision is taken. Similariy, die dipping level may be iteration 
dependent, e.g. increase with successive iterations. Both the threshold and the clipping level 
may also depend on the (half) iteration at which a window was first cUpped. 
20 Instead of basing clipping decisions on a posteriori log-likelihood ratios, they 

may be b^ed on extrinsic output log-likelihood ratios. 

The present invention does not cost additional memory. In an preferred 
embodiment, considering next initialization iteration, one set of stakes conq>rising 
initialization values for the backward patii metrics for aU states m tiie ttelUs section in the 
25 rightmost (most "forward") treUis section in a window are stored. Once a wmdow becomes 
inactive, such initialization vectors for the backward treUis recursion of tiiat window are no 
longer needed. However, during the next iteration, tiie forward ti^llis recursion of 
(Max)(Log)MAP for the wmdow to the right of it (more "forward") does need an 
initialization vector. The storage space v*ich was no longer needed for the badtward 
initialization vectors (stakes) of tiie inactive window, can now be reused for tiie storage of tix 
forward initialization vectors (stakes) for the window to the right of it (more "forward" 
window). Thus, the total memojy consunq?tion for the stakes remains unaffected by the 
appUcation of early detection of wmdows. The space per vsrindow to remember whether it is 
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stUl active or not, i.e. Ihe window activity flag stoxage. wbich can be a single one bit storage 
per window, is negligible. 



5 The present invention wiU now be explained in more detail with reference to 

the drawings in which: 

Fig. 1 shows a generallayoutofa known tmbo encoder and a turbo decoder. 
Fig. 2 shows a block diagram of a known SISO decoder. 

Fig. 3 shows a timing diagram illnstiating SISO decoding using the known 

10 SISO decoder. 

Kg. 4 shows a block diagram of a SISO decode- according to tiie invention 
and ' 

Fig. 5 shows a timing diagram illusbating SISO decoding using tiie SISO 
decoder according to die invention. 



15 



20 
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A block diagram of the general layout of a known tmbo coding system 
including a tarbo encoder and a turbo decoder is shown in Kg. 1 . The tiiAo encoder 40 is 
implemented with two recursive, systematic convolntional (RSC) encoders 41, 42 in parallel 
concatenation. A fiame of N information bits u is encoded by flie first encoder 41 , while an 
interleaver 43 creates a prcspecified, random-like pemiulation of flie infimnation ^ which is 
tiien encoded by the second encoder 42. The transmitted code sequence c, whidi is sent over 
tiie channel 50 consists of the information bits u along witii the parity hits produced by tiie 
two encoders 41, 42. Puncturing, or periodic deletion, of flie parity bits in a 
Pijnctaring/multiplering miit 44 is sometimes used to increase flie overall code rate. Ihe 
interleaver 43 endows tiie turbo code wifli structural properties similar to those of a mndom 
btock code, which Shamion proved could, on average, achieve performance close to flie 
infonnation-flieQretic limit wifli maxiraum-likelihood decoding. 

However, flie intqilementation of a maximum-hkelihood (ML) sequence 
decoder for flie turbo code would be prohibitively complex, hislead, a sub-optimal, but 
simple and effective, decoding architecture is often used. The decoder 60 incorporates 
separate soft-hgnU, soft-output (SISO) decoders 61. 62 for each of tiie constitoent 
convolntional codes, operating in an iterative and cooperative manner. Eadi constitoent 
decoder 61. 62 generates soft ou^uts in flie form of a posteriori probabilities (APP) for flie 
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received infbnnatioa bits. Ftom these ptobabiUties. a SISO decoder extracts "extrinsic 
informatioii'' values that are provided to the other SISO decoder as soft inpats that play the 
role of a priori probabiUties for the infiomatioiibits. At the start of the decoding, the noisy 
channel outputs corresponding to the infiwmation bits are used, after eventually being 
depunctured and demultiplexed by depuncturing/demultiplexmg unit 64 to initialize the prior 
probabiKties. They are also available to eadi constitaent decoda: 61, 62 tiiroughout the 
decoding procedure. Betweai the SISO decoders 61, 62 a deinterieaver 63 and an interleavcr 
65 are provided. The number of repetitions of this cycle of decoding and exchange of the 
extrinsic information is dictated by a stopping rule, oftm a predetermined limit on the 
number of iterations. The turbo decoder output is a hard-quantized log-APP ratio of an 
infi)rmation bit u produced by the final decoding cycle. More precisely, the a posteriori log- 
likelihood ratio (LLR) of an infiwmation bit u^ at point in time n is expressed as 

mu = log(CPr(Utf=l I r) / Pr(Un=0 1 r) 
where r denotes the noisy channel ou^ sequence. The final output sequence u' is obtained 

at the output of a hard decision unit 66. 

A block diagram of a knovm SISO decoder 61 , 62 as it is twice used in flie 
tuibo decoder shown in Fig. 1 is depicted mFig. 2. Such a SISO decoder consists of at least 
one SISO decoding unit 70 that performs the SISO algoriflmi. M principle, this is the fiill 
block algorithm, however, this is positioned as a window of a bigger block, where the SISO 
decoding unit 70 typicaUy serves a window size of 40..64 treUis sections. The beta-stakes, ie. 
the backward state metrics p, of a window are initialized with flie beta-stakes of the windovre 
ftom the previous iteratioai which are stored in a stake memory 7 1 . It should be noted that the 
stake memory 71 has two parts, one for the even, and one for the odd sub-iterations. 

The read and write operations on the stake memory 7 1 are conducted by a 
stake address generator 72. This unit schedules the read and write operations which is trivial 
as is shown m Fig. 3, where the read (mdicated by R) and write (indicated by W) operations 
are shown over thne. It should be noted that write operation W-1 is shown only for clarity but 
it is dismissed in a real mq)lementation. The figure also shows that the stake of the last 
window is only read but never produced. The last stake vector is considered as value that has 
to be initialized. Whereas m the figure all windows are of the same laiglh, m a practical 
implementation tiie last window-length canbe diflferent This does not influence ttie 
addresses that have to be generated, hU ojily the timing of the last write operation. The beta- 
vectors whidi come out of die SISO decoding unit 70 are buffered by a buffe 73 to enable 
their write back when it is required (reads and vwites can not be conducted simultaneously). 
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Fig. 4 shows an detailed embodiment of a SISO decoder according to the 
present invention. For the implementation of the early detection of windows that do not have 
to be calcnlated again, the architecture has to be modified. Details of the elements contained 
in the SISO decoder according to the invention will be esqjlained below. 



puts irom a channel, which can in practice 
of soft-decision bit-detectors or soft-decisi 



demodulators is common and advantageous. The iiqrat values to the tmbo decoder. i.e. the 
information symbols received by an input 25 fiom the external (often referred to as 
systematic, parity 1 and parity 2 data), are stored m an mput memory 1 0. The received 
information symbols are the input data for the SISO algorithm. The even/odd ii^ut is used U 
pass out parity 1 data in even and parity 2 data in odd sub-iterations, hi extrinsic memories 
1 1. 12 the data that go fiom one iteration to another are saved. This is the so-caUed extrinsic 
mfiirmation. i.e. mfi>miation that is learned during the iterations. The extrinsic memories 1 1, 
12 are swapped during each iteration by means of switches 13, 1 6. An input address 
generator 14 takes care of address generation depending on evai/odd iteration (even means 
mterleavmg) and on a ready table 23, smce addresses for wmdows that are ready do not have 
to be genaated. An ou^ut address generator 15 takes care of address generation dependmg 
on even/odd iteration and on the ready tjible 23. 

The SISO decoding unit 17 processes the input data of a wmdow. If a wmdow 

is ready it signals this by means of a ready flag (or a window activity flag which is set to 
inactive). Buflfers (in particular flip-flops) 1 8, 19, 20, 25 are used to decouple the timing of 
the SISO decoding unit 17 with the read/ write back to the slake memory 21, which i 
different for even/odd iterations. This stake memory saves the a^ha or beta slakes and 
fiilly under control of the stake address generator 22 which generates the write addresses 
depaidmg on the rea^ flag (wmdow activity flag) of the processed window and the read 
addresses, dq,ending on the to-process windows, by means of the ready table 23. hi the reacfy 
table 23 the information of the completeness of each window is stored, for mstance. for each 
wmdow the state of the correspondmg ready flag (or window activity flag) is stored. It should 
be noted that it is different for even/odd iterations. A multiplexer 24 is used to store either the 
alpha or beta stake, depending on the nexfnew activity state of that wmdow. 

An ou^ut unit 26 takes the ou^nts (decisions) of the SISO decodmg unit 17 
and passes tkem to extern. A control unit 27 controls the decoder, m particular the iterations. 
First, all inpms are taken fiom the iiq>ut unit 25, then the iterations (even/odd/even/....) are 
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done, until e.g. aU windows of an/both itBtation(s) are coirect or another stop criterion is met 
Then the ou^ut unit 26 onlpuis the final LLR ratios as a posteriori soft-information. 

If a SISO window signals that a window is teady, the a^pha state (i.e. the 
forward state metrics a) is saved instead of the beta stake. This alpha stake can be saved at 
the position where previously flie beta stake of its own window was saved: the beta state is 
not needed anymore, because the wmdow is never calculated anymore. It should be noted 
that this is not the same address, because normaUy the beta state for the previous window is 
written. The alpha state needs to be saved, because it is not recalculated anymore. It should 
be noted tiiat for windows Aat foUow a skipped window, both the alpha and beta state have 
to be retrieved fixHn ^ stake memory. 

One significant change in the inoplementation is in tiie stake address generator 
22. During the first iteration, its timing behavior is equal to the previous inqjlementation, 
shown m Fig. 2. However, for future iterations, the timing changes as shown in Fig. 5, which 
shows the timing behavior in two sbeps. During a previous iteration, window 3 (indicated on 
flie diagonal Ime) was considered ready. This inches that for wmdow 4 an a^pha state has to 
be retrieved, wWch is stored m the position 3. The second impUcation is that after window 4 
is processed, it may not produce the beta vector for the previous window. This would 
overwrite the a^ha vector stored there. If, however, this wmdow is ready, the a^ vector 

has to be saved (at position 4). 

The state address generator 22 has to calculate how many wmdows have to be 

skipped, which is a fairly simple operation, especiaUy because it might take more cycles. 

Until now, only the imphcations for the SISO decoding unit have been described. However, 

also at top-level some changes may be required. One example can be found m tfie address 

generation for the LLRs: the addresses of the blocks that ate skipped are not generated. It is 

to be noted that, because they are not generated, they are not overwritten and flieir old value 

can be used in the next half iteration. Only the LLRs of the processed wmdows are iqjdated. 

It has been found that by use of early detection of windows with window 

based SISO decoders into a per-window stopping rule, as proposed according to the 

mvention, the power consumption of a known turbo decoder could be reduced by around 35 

% more than with the well-known acoaa entropy stopping rule described by Hagenauer et aL 

in 'Iterative Decoding of Bmary Block and Convolutional Codes", IEEE Transactions on 

Infoimaticn Thsciy, Vol. 42, No. 2, Mardi 1996, with around fte same BER. or FER 

perfomiance in the waterfell region. The latter stopping rule is a global stopping rule. In 

general, the reduction is dependent on the Eb/No of the transmission channel. The higher the 
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Eh/No. Ihe smaUer ihe computational load. This is tnie for aU stopping criteria. For fte high 
SNR per-window stopping rules, wifli fiame length 1296, there appears to be virtuaUy no loss 
in BER or PER performance wj-.t Ibe case Twlhout stopping rules. This is also the reason 
Mfhy once the low SNR per-window stopping rule is used, adding the high SNR per-window 
stopping rule leaves the BER and PER curves virtuaUy unchanged. The low SNR per- 
"window stopping rule does give some degradation. 

Using e.g. a global (per-block) stopping criterion based on cioss entropy for 
the maximum block length of 51 14, the average mm*er of iterations can be reduced ftom 
e.g. at 1 .0 dB Eb/No from 8 to ca. 4.9. When the per-window stoppmg criterion as herewith 
proposed is used, Ihe average effective number of iterations can be reduced to ca. 3.2. Here 
the addition of the word "effective" accounts for the feet that an iteration during which only 
half of aU windows are active has a weight of 0.5 in the eflfective woridoad. This constitutes a 
savings of around 35 percent Using a memory reuse technique, wh^ using "smgle slakes" 
as in a known turbo decoder implementation, per-window slopping criteria need not increase 
the memory requirement of the diip. In general, Ihe savings in Ihe computational load with 
respect to the situation without stoppmg mle are larger for larg« signal to noise ratios on the 
channel 



Contrary to the SISO decoder known from the above mentioned publication of 
Prey and Kschisdiang, according to the present invention it is only required to detect wheflher 
fte absolute vahies of all log-likehhood ratios in a slidmg window have become larger than 
some constant to detect that a wmdow should be frozen. Once a window is frozen, processing 
for that window is con^Ietely omitted, lhat is, then there is no reorganization overhead later 
on. Only a simple activity flag is required to mark a window as active or frozen. The fact that 
Ihepartitioning of a (direct or permuted) turbo codeword hxto (sliding) windows is very 
structured, i.e. uses fixed (non-random) window lengflis, wilh a regular distance betweai 
starting pomta of windows makes it that tire need for flexibilily m pn^cessing as tiie known 
SISO decoder needs it can be avoided. 

In Fig. 5 of flie pubHcation of Frey and KscMschang an implementation of a 
2-state tiellis is shown. Margr turbo codes (e.g. ihe UMTS turbo code) use 8-state trellises 
The larger the nmnber of states in a trellis, die more con^lex ti^e reorganization of tire 
computations when bite or series of bits become certam wiU be. This con^lexily will cost 
UKources (chip area, currait, processing time) m a hardware implemrartation. 

Since according to tiie mvention non-random starting and stopping positions 
for the series of bits that are frozen are used. flexiT,iliiy in flie processing is not needed, and 
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thus the advantages of the invention cany through in a hardwaie implementation. There are 
savings in hardware computation time, (therefore) savings in battery power consumption of 
an handset erq)loying a turbo decoder. 

The advantages of the invention carry throu^ likewise for MAP, 
5 MaxLogMAP or Max*LogMAP; they also apply to multiplicatioBt- or logarithm-free 

algorithms. Just the ou^ut a posteriori (alternatively: extrinsic) log-likelihood ratios are just 
kept in memory "as is'* without further processing. This always saves processing time, and 
therefore, current 

In suromary, the known trellis splicing has the following disadvantages. 
10 - Trellis splicing needs an amount of flexibility in which conoputations are to be 

performed which depraids bit-wise on the random noise and random distortions in the 
received signal that are difficult to realize in hardware, which will undermine advantages of 
this method when implemented in hardware. 

The advantages of the algorithm of Frey and Kschischang will be further 
15 undermined for multiplication- or logarithm-free algoritiims such as die Max(*)LogMAP 
algorithm. 

When the number of states in the treUis becomes larger than 2, the 
reor^nization overhead of the computations in Kschischang's algorithm grows. 

The present invention s^lies both to sliding window turbo decoders with and 
20 without training phase. Such a training phase amounts to a small overlap between windows. 
This is an alternative tedmique to next iteration initialization, which is used by difBarent 
embodiments of turbo decoders as, for instance used, in mobile communication. 
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CLAIMS: 



1 , SISO decoder for iteralively decoding a block of received infonnation 
symbols (r), in particular for use in a turbo decoder, said block being divided into a number 
of windows of information symbols, said SISO decoder comprising: 

at least one SISO decoding unit (17, 21) for SISO decoding of the received 

5 information symbols (r) of a window, 

a window activity flag storage (23) for storing window activity flags indicating 

if a window is made active or inactive, 

a window activity flag setting unit (17) for setting said window activity flag 
active or inactive, wherein said window activity flags are initially set active and wherein a 
10 window activity flag of a window is set inactive if a certitude indication value of the 
information symbols in said window are above a predetermined certitude threshold, 

a window activity flag reading unit (17, 22) for reading said window activity 
flags from said window activity flag storage (23), and 

a control unit (27) for controlling said at least one SISO decoding unit (17) 
15 based on the read window activity fliags such that the information symbols of a window for 
which the corresponding window activity flag is set inactive are not SISO decoded in 
subsequent iterations. 

2. SISO decoder as claimed in claim 1, wherein said certitude indication value is 
20 the absolute values of the log-likelihood ratios of the information symlx)ls and wherein a 

window activity flag of a window is set inactive if ftte absolute values of tiie log-likelihood 
ratios of the information symbols in said window are above a predetermined log-likelihood 
threshold. 



25 



3. 

comprises: 



SISO decoder as claimed in claim 1, wherein a SISO decodiug unit (17, 21) 



a forward processing unit for computing forward state metrics (a), 
a teckward processing imit for computing backward state metrics (P), 
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metrics stocage means (21) for storing forward and backward state meliics (o. 



output means (LLR_out, a^ha_out, beta_out) for ouq)utting forward and/or 
backward state metrics (a, P), and 

iiqnit means (LLR_m. alpha.in, beta_in) for receiving forward state metrics 
fiom a SISO decoding unit that decodes channels symbols of a window being located in fiont 
of the currently processed window and for receiving backwaid state metrics fi»m a SISO 
decoding unit that decodes chamiels symbols of a window being located behind the cunently 
processed window. 

4. SISO decoder as claimed in claim 3, wherein said metrics storage means (21) 

are ad^ted for storage of the starting state metrics for forward and/or backward calculations 
(a, fi) of a window. 

^' ^'^°*^^°scIaimedinclaiml,comprisingapluraKtyofSISOdecoding 
units (17) for parallel SISO decoding of the infonnation symbols of a plurality of windows. 

6- SKO decoder as claimed in claim 1, comprising a single SISO decoding unit 

(17) for serial SKO decoding of the information symbols of a plurality of windows. 
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7. SISO decoder as claimed in claim 1, herein said control unit (27) is adapted 
for controlling the iterative SISO decoding of the information symbols of the channel data 
stream such that the iteration is stopped after a piedetemiined number of iterations or if aU 
windows are made inactive. 

8. Turbo decoder for iteratively decoding received information symbols, in 
particular chamiel symbols of a channel data stream, comprising two SISO decoders (61 , 62) 
as claimed in claim 1 for SISO decoding of said received information symbols, said SISO 
decoders (61, 62) being arranged in row, each having as inputs the received information 
symbols and apriori mfonnation piobabiUties of the information symbols generated as ou^ut 
by the respective other SISO decoder (61, 62). 

9. SISO decoding method for iteratively decodmg a block of received 
information symbols (r), in particular for use in a turbo decoder, said block being divided into 
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a number of windows of infonnation symbols, said SISO decoding method comprising Ae 
steps of: 

SISO decoding of the received infonnation symbols of a window, 
setting a window activity flag active or inactive, which window activity flag 
5 indicate if a window is made active or inactive and which are initially set active, wherein a 
window activity flag of a window is set inactive if a certitude indication value of the 
information symbols in said window are above a predetermined certitude threshold, 

storing said window activity flag, 

reading a window activity flag of an associated window that shall be SISO 

1 0 decoded next, and 

controlling said SISO decoding hased on the read window activity flags such 
that the information symbols of a window for which the corresponding window activity flag 
is set inactive are not SISO decoded in subsequent iterations. 



15 10. Turbo decoding method for iteratively decoding information symbols, in 

particular channel synibols of a channel data stream, comprising the steps of SISO decoding 
mdhod performed in two SISO decoders (61, 62) as claimed in claim 1 for SISO decoding of 
said infomatation symbols, said SISO decoders being arranged in row, each having as inputs 
the information symbols and a priori information probabilities of the information symbols 

20 generated as ou^nt by the respective other SISO decoder. 



1 1 . Cornputer program conoprising program code means for causing a ccnnputer to 

perform the steps of the method as claimed in claim 9 or 10 when said computer program is 
executed on a computer. 
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ABSTRACT: 



The present invention relates to SISO decoder for iteratively decoding a block 
of received information symbols (r), in particular for use in a turbo decoder, said block being 
divided into a number of windows of information symbols. In order to achieve a significant 
reduction of power consumption a SISO decoder is ]iroposed comprising: 
5 - at least one SISO decoding unit (17, 21) for SISO decoding of the received 

information symbols (r) of a window, 

a window activity flag storage (23) for storing window activity flags indicating 

if a window is made active or inactive, 

a window activity flag setting unit (17) for setting said window activity flag 
10 active or inactive, wherein said window activity flags are initially set active and wherein a 

window activity flag of a window is set inactive if a certitude indication value of the 

information symbols in said window are above a predetermined certitude tlireshold, 

a window activity flag reading unit (17, 22) for reading said window activity 

flags from said wmdow activity flag storage (23), and 
15 - a control unit (27) for controlling said at least one SISO decoding unit (17) 

based on the read window activity fliags such that the information symbols of a window for 

which the corresponding window activity flag is set inactive are not SISO decoded in 

subsequent iterations. 

20 Fig. 4 
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